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speed. ..,inoe core losses vary with speed end flux, while mechanical 

losses vary only with speed, the power meeeured at zero tield current 

trould constitute the echenical losses at that speed. 

The results or stra o er tests on the motor o erating from the 

aynohronous converter are seen in Fig . 9. The results or stray o•er 

tests on t e otor operating from the electronic reotifier are seen in 

1g. 10. Th,e combined results are seep. in ig • . 11. 

It must be admitted re that the aoc\lracy of the result• in Figure• 

9, 10, and 11 is rather questionable eoause or t he inedequate means ot 

taking measureme ts. t first en attempt was made to measure current and 

voltage with ordinary d-o meters . is wa~ in er r bece.u•e d- c m~terl 

read avere. e current a a erage oltage, w ile or ower eeleul t1onl!I 

a lmo led~e or R!~S curre tend ·· volta e is req ired. en t e recti• 

tier 1 used, the ratio r to ave a e eurre t is oi nd to be ebout 

1.25 in this tioular mot • Th retore, t e error 1 volTed i n taking 

measurelll9nta with ordinary d- o instruments is subst antial. 

ext an atte pt l'as de o easure stray o•er using an a-o wett-

meter and a current tranafor er in conjunction 1th t e d-o instruments. 

It was reasoned t at only the a-o component ot current would a_ppear in 

t e secondar af the current t ransi'or1aer. The wattmeter , w1 th 1 ts current 

coil connected to the secondary or the cux-rent transformer and its potential 

ooil connected eoros$ the a:nn.ature woul4 then only m~asure the a-o or 
I 

"ripple po•erft. This added to the product o t e readtn so the d-c 

voltmeter and d .. o ammeter , •es to t• a t irly accurate asure ent ot 

stTay power. 
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IV. i' LAI TION OF HESULT 

Heating 

'l'be f ctor or eatest interest in the stray pmrer curves may be 

found by o serva tion of 1 • 11. Ilere it is seen tha t the core losses 

or the motor when operated from a rectifier are greeter than the core 

losses ot the motor when ope:rated trom a converter. Th is is true for 

an 1ven value of field current and. speed within t he operating range 

ot the mBchine . To better understand t e r eson f or t is, it is best 

to separate the core losses into hysteresis losses and eddy current 

losses and to consider each individually. 

26 

Consider, first, the hysteresis loss in the armature . Under normal 

operating conditions, the relative motion between the armature and tbe 

rnegn.etic field will cause periodic reversal• ot magnetiem in the armature 

core. This result• in a loss or power aue to moleoular triction in the 

mess of the core, usually known as a hysteresia lose. 

ln general, any changing magneUc f ield will be a.ccompanied by a 

hysteresis lose, the magnitude ot which depends on the magnitude of the 

magnetic field, t he rate at wh ich the tield ie chsngin , and t he ual1ty 

of the magnetic material . 

Vhen a motor h operated from e. rectifier supply, the field will 

pulsate in space a t a rate dependin on the nuo.ber or pha ses in the 

rectifier . he ma itude or t be ulset ions "111 depend on the ereentag• 

ripple of the rectifier and t he amount ot inductance in t e field circuit. 

The pulsating field now ives rise to a hysteresie loss in the armature 



27 

eore thai would exiat even if the armature were not otating . The re-

sultant hyst eresis l oop due to the rotation of t e armature in a pulsa ting 

field wou l d be irregular in s ape and of lar er area then the customsry 

hysteresis loop of a uon• pulsattn field. 

Coneider the specific problem ot a 4-pole 900- RJ» motor supplied by 

a three-phase electronic rectifier . The magnet i sm i n the a ture core 

•111 reverse oo:ro.pletel.y 50 times a second due to the rotation ot the 

a ~ture . The magnetism in the armature core • 111 inoreaee nd decrease 

:; 0 times a second due to the pulsations of the t'ield . The h steresis 

loops due to rotation ~ill very as t e 1.6 po~e of the ni t ude of t he 

field flux. '!'he hysteresie loops due to ulsat1ons in t e ield wi ll 

va:ry as t he l.~ po er of t be magnitude of the oulsations . us to.r H'ery 

l arge yst eresie loop due to rotation t ere will be six small h steresis 

loops due to pulsations . -ecause t e two occu~ simultaneoual. , t e pul-

sating effect will not ect all .g1 ve close steresis loops . e net 

resultant configuration will be a l rge h, ater sis loo it t~ree pul-

sations on one side and three on t e ot e • In any event , it can easily 

be seen that be yst resis loss in the armature ~11 be reater, when 

the main tield is ul sting . 

In t a ordiner oper tion of a ~-c otor , hy t resis losses do not 

occur in the oke , and polo pieces bece. e of the ateady condition of the 

flux exi ting in that part of the ilBenetic oircui t. ••'hen a rectifier 

su ply is used, ho•ever , the flux in t e yoke and pole pieces •111 pul• 

sate, although it will neTer actually reverse in 1rection. The result 

i s hyatereeis losses in t . e oke and pole pi ces of a ma itude 



28 

ropol:'tion l cy ot t 

- o otor su llf ll to ar tul t1on of 

rt oore at p .. y eres1s to es do • 

X'p, neiv . tv ot tor th 0 nd '"JO le p1e o bee ttse 

undtrr t't"iif'I QOndi 11) hytte:r . lif1a 'rG ct ~ ect d to o~~ r 

t era . t. •hen s rectifi er 11ource 18 t.e s'irJ loern ( 0 eur 

t n th 1 te nd iflCO • t l'ftS lo~ e• 1'.tl e 

re 6r oaua 0 ic . tel" ]. t'.he . o ~e 

nu pole nhces ·of dinar • C • 
.l o .'!tp 01 l at en Hon 111 e ;· i 'r•en t pole 

, o a '9'9ll und$r otdln co11diUon t r vt 1"'0-

luo't ne 0 ·,,e 0 h Otl '.l s hit't1 tic ,. lC: in .. 
re . pul to :!'1 1 .,, l t1l • ult in fttn i ld 

i n d t· r t th ~ t. :·h th r,O 

dt.roatio Of 't ft.el . b 1.1 h l alt t' a dlt .. o tt ,.. Ill. at ion ·• 

r norr" . ...JH. o or t1 o. 1t1on , t 

tic ield , e~ •111 be • "0 l s tn 

' hB Otl otior • inc oo c n 1ctor of 

eleotriotty, d atn e un-en or lar o s 

ot n, t -rs• o1rcu1.at1 aurr n.te , 

'ti cor a e ~ 1 J i ( '. 
or t. n c n •1 11 ol in ' 





the o it 1 

•• the SQUS e o:t both speed 

?le 1 0 

1&1 will j·U 

circ• tte1.. 

ts in, 1n d~1 i • 0 

to '*ire for r aet1 n, .,.l- ich 

0 r t io • 
r h t ~'·"lfO t 

be e n•r in 

•;O l" 0 t . 

and 

1 

91 

r::.1' 

e 

30 

n i • 1', {b • ·et lly . 

x nd 

1 :x . 

• 11 rect.1 · i \09 

l"t\I to 

nr er . ,foy e 

litlC'Htd v r Ho • 

ft ~ 
(I ut r 

d t"T 

ion al on 

~ tl l 

• 

"' t " 

1i 

c r I\< 

~ 

t 

l n• 

l • 0 .. 
11 

r 

'•n or 1() :,. ,., 1'~tio of' d- e t • l' •Il l e a ti th'IP ~ .ux 

e " n ,,e tee Ole f"&. l':y t J"Q-

l ot ·nos ot t l'I tr (!8P. \ll t:io ·iv J' int in t e 

<1ltt r oe , 1Jtl8 t r a c l 1.n it 

on over d1 te ee l l 0 e oot is 

t El?.' • or th r t s 0 

in t ad . In nd t l' 

ot 

,ot'lr is op t"at 6 

l sst UC! 0 0 

\.e lt. 



31 

'!'be res'lltant ul atiou ' of t'lux will be r-: eetar t an t ho e mor ll".ally 

existing in the pole face , and conse _uentl , t he res 11 tent 

Yill al o be greater. 

dy curr ents 

Now consider the yok d ;iole cores ~ Under no:x-mal operation of e 

d- c otor the f l ux in the yo~e and pole oores remains t ation r and 

non-pulsating nle a voltage or r aostat djust. nt is made . 'or this 

reason , no d y ourren 3 Will ci rc\late i n ither t he yol e or pole cores , 

and conseq ent l y r inary des i n of' d-e motors oes not c :a tor bm-

111.tltion.s in e1t er of these two ele •. ents . 

hen an elec~l"on1o rect tier is used ns the souroe ot wer •. t he 

tlu~ in the yoke and pole co:t<es ill not r e in constant bu t •11 p l eate 

a t the output f reqJ,lency of the r ctifier . This will 1 duce e.. in both 

t e yoke sna pole c res . The eday currents t e.t r esult wil l now be of 

large i'!lfJ.gn itude because neither t he yQkA nor ole coree are lamlneted to 

protect against t hem. Consequently- . the yo.e does get much hot ter und r 

reoti fi e.r operation then it does under converter operation , This is borne 

out in the heat tests illust ate graphically- in .Fi re 2 t rough e. 
The ma n1tu e ot the edd• cur ents oiroule. t ing in t he o e w·11 be 

e di reet tu otion of t he g ituae of t he pul tion i n the 1.'ield flux , 

I n an i ntel'pole eohi e , t he pulsations o t ,e i nterpol f i ld flux l'111 

be muob. greater than t o e of t i e main f ield flux , 'bee u e t he inductenoe 

ot t h inter pol field nd armat e circui t is relatively smsll when oom• 

pared l'ith tne inductance of t he shunt field .. ~1'b e:r fo t>e , the edcly currents 

t hat oiro~1late in t he int :rpole core w 11 be of great r nitude than 



thoae circulating in e i th r t e yoke or the l"l8in field ole cores . This 

perhaps explains why in tho heat t st con uot c1 a t er o eter adjacent 

3Z 

to the int r :pole consist -P"tl.Y re d io° C h i g er than a si Har th rmome ter 

adjacent to the in field 1010 . 

lt w s no ed during t lrn s eries of t s . t . at t he O"'" ration or eve y 

d-c to:r t om a. r aotif1 :r su ply is eccompsni d by a distinet e-c hum, 

not com:.on to t e no al oper tion of d-c ma.c'ti i nery . It i s reasoned that 

additional o er 1 r qu red to create tbis sound ; end since t he d- c 

ootor is har l y an f 1.~ c n t con 1cal deVliJa , ~h:t O\lfer us a r.16y well 

be a preeiable . 

It a s therefor 'been oonolu i vely s Olin b expe:r men t and expltt ined 

in detail t at tb e core losses of a cl-a oto t" operated :f'rom en lectronie 

rectifier a ceed te core loase'5 or lly enoountered in a d• e . otor op-

erated f rom e oou.v 0rt~r . In gen re l t e oo:re l osses • 111 beoo e greeter 

or less as t e ~..ag itu e of t he p laations ·in the t iel current inoreasa 

or doorea l!e . ~acb ines " ith lo• -inductanee s ries fi eldo ill experience 

a ider differe .e of core losses ith. t he t o l f ferent s uree of supply 

than ill shunt-wound machine • He. edie tor t is situation i nclu e 

special d aign of d~c oto t ed 'Ce t lEi various core losae discussed . 

Additional core oas s a:r no t he onl y re21son for the added h sting 

and poorer ef ficiency evidenced in reotifiar operntion of d- o motors . 

Condde:r tor ex le the t orqu.e equ tion. for a otor: '1' : K<pIA . The 

torque produced ia seen to be proporti.onal to flux and t he avenge armature 

current . ?!ow consider t he equation f or power lost in t he armature c1rcui t: 

l? : l A2iiA . The loss i s proportional to t he second powel!' of the root-

mean•equare erme.t ure current• 'l'h1s distinction is not usually :pointed 
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out in t xts on c :ec 1nerY' , b cause in ~e c:onvert"'r or nor nal oper ti on 

of e otor t e r t1 of ...3 cu on to ave a , c 1r e t s us tallv one . 

ot so en t he io tor i oper .t ~ i'ro 6 lA rorti c tfi r . In thi s 

tio ill al< a· s oxceed o e Jan . 1'Ul d <1 di:r, otlv o tb~ 

nu er r .,h sea o t cti e t e ind1 ctan o"' t"e t 14 .. e o1r -

cult . mo abo "hat h p ns in a ty 10·1 cas , con lder n Im:.J I I 

of 1 . • I fo th mo to to p oduee · t , to, qu , , tr e Vtl g arma-

ture c 1 re t ·ist r a ch ito ated v l e , n1 t oot-~o - square c1rrent 

m. st be 12 or r tcd \l'alu • er .~t ·1 loa~ •ill be 144 of i ts normal 

full• l oad val u • hu an armst re Cilrr an t p ·1 atipg enough so t h t 

I ~ / XA· . = 1.2 , i ncr ses t he arma t ure copper l os by- 44~ . An arma-

t ure cur r ent pul sati so t ha t I ~ I IA ~ : 1 . 1 ·ill 1 crease t o 

exactly double t h nor 1 ar ma t ure oo per l oss . 

or exactly the r a oni n • 

or ea the seri nt f lel 

fi ld , ho e~er , the r ti of R ~ 

f a.i r ly lo" by t e i n<'luctance of t 

qui t e liO appr oi bl7 . 

eti:t'ier op re ion ill also in-

In t e ca ·e of t e bun~ 

c ~r ," t ill e ept 

f eld so the loss wi l l not i ncr ease 

'l'hen t oo the a ms t ur end oo per losses " · 1 a i n resee so.r11ew at 

due to ski n effect ca• eed by t he ig fr uency co oen-

t r tion of curr nt n t .. oute sur c of t o cond t or du t o s in 

effect e f fec t ively r e uces t e area ot t he conduc tor an th s 1 c:resae11 

i effective r ist nee . rerore it 1S on le to e ect t hat t he 

effective r . ista.nce of' t e e.rmot 1 and fie d i s larger when t h s· elements 
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ere carrying pulsating current than when t ey ere carr in non- pulsatin 

current . 

r view briefly , th re ult of h a te t ho n in igures 2 

t hrou h 6 , and fficiency te t -ho n in i g es 7 nd :r expl ina bl 

by the increased 1 s es e erienced b • oto~ when opereting fro a 

rectif ier upply . The co. o ent lo3 es re broken down a follo Bl :Friction 

t.'l wind ge lo ~es rems in teriell unabang d h n r otifier supply is 

used . T ose core loase9 no 11 e isti. 1 oto~ qre inoreas a and 

so.- e n "If rs losses ~ ,e ! tr ueed b~ th p ls tio s of t 1 l • e 

co Ar nd fi ld losse re increased due to the 1nor ase 1 the !'8tio of 

~ to average current and also due to thct skin ot':t'ect caus d y the &• c. 

- component in ell motor our .. ~nts . 

~ e edi s or tr.a reduc ion o t se lo sea 111 be discussed after 

' - a bri r consideration f co o lorn:J . 

-ommu ts tion 

ri sever l run lo d te;np rsture st ; i.t s obse ad tha t th• 
\ 

comm.utat1on or d-o otor bee. mes eh o:i;-s hen t e raotor is o ra ted 

tr om n electronio '.t'eetiri r t an ,whe ei'o.ted from yno r nou converter. 
' 

ttem:pt 111 be de 1 thi re ort to t . o r a on or suoh an 

ohserva ti on . 

In a d-a otor o er te -f""°' non-pul tin ource such s t e con-

Yerter, t e armature rot tea in tat1onn , non-1' ue attn" field. h• 

direction ot t he rs generated in ach conductor due to the rotation ot 
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du to the int pol ti ld r et t e f o 

i •• o e.xist in CJ() ti.on . 

ince ~ t n• or o t e in t't tJ to e tt:e 

te ' 801.ll' . or tfto• lt , it wte; o co e ' r :r t (I :n tnde 

~ w 8 1 .• 
is i d~ ... II I m t"r , ut de t 

0 th ,,. _uctu 10 or + " in • ,, . i~b i i d t 

t 1 ' 1 pon 0 tho t1 • .h ,l l\t 

ine, t a 1.pec ( t t th& 1 o• un !'to:..d WO l 

t 1 ri pl 1 t arr&. t. Ono! osoo . t st 

d f :t'er n tly ow 0 .. l o . ~ et d , 1 t t 
I 

o nt ot' r1 11ple in f i 1 ot xis ti 

t t e ll {) ou r nt . In a C>t r, th nt .r1ppl t und ·to 

bo ot t l i n 01 rr t rip le. !'1' ,nit d or a tran•-

tort~ r 8 f, tbe i l)f;le of the t nt tro.n eu, pl, &t b• r <110 d, O'r t e 
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•h t field muat be especiell -de i ned 11Jith very bi! induct nee . 

. en a er:ies o oo pound otor 1 op r ted rec 1 i r, 0 

t tiou dH't1oul i • b 00 still or rono nc In t 1 08 & the 

3eri a fiel 1 ot v hi hly 1nd cti nd .t Q rry ar t1r current 

itb it r l th ly 1 h coanon nt ot rip l • ow t • in f iol will 

fluct ate oon id. re l. more :nd Will r~Hl l t 1n a tr&nst ·•er e.r 0 ~re t-

er nd C' n • quently , a ler r r s lt nt e f in t coil nder-

·oin co ·m tation, 

vinoe the e , f of lf i uetion nd t .. r &r.1 er inherent 

1n chine o eratin fro a ti e pulsatin 011rce , 9 ttempt to re-

due the r s ,.lt nt ol t ce to zero u t cent r rolmd dj\lotn nt ()f the 

rotetio 1 emf u to the 1 terpol s . 'l'hu wt th rof renee to ig . 18 

the t'ollowin are g ested~ 

( ) If ~\ exc ~d ee"' , red ce th u , · r or inter ol tu mtil 

t: t.F ~ err =- es 
{b) If Cs q ls et.F , re ... OY$ t e in or .ole• • 

(c} If e~ 1s SI_ 11 r th n e-r.,,, th n :r&v r e be dir ctlon o t e 

interpol n dju i th of t1rn u tU es+err=ec.,. 
It i gbt be entioned l': that in n tt .. p o i .;1prove co. •tation 

in a 2:w v lt , . 00 oti r , tb int rpol w re r 0118d n co ·.ita ... ion 

e wore . It ppe•r t h t 1n t . ie oo c etF as a 11 tn 

val of be in erpoles not only r ver sed 

t h direction of the re ult nt f t but l o inc a ed i n1 tud • 





'I'he Yeotor di . t'em of 1 1g . 19 tskee into eccount t~ effect of el'm8-

ture ot! n . Note t .. t ?"!'!. ll tent t 11:x 0 in ttel 

" be o 1 ted an en l ,, ~ ,. count :r• oloen1se fro 1ts ori 1nsl 

fltx ll v ry •it fl• uet1on 1 

o the coi 1 n~e'rg 1 1 

eo~tai a com. onent o~ ro etlonol e .r di to he in 1el , 1 s ~ag t · ude 

ba i n ere: stn ~" Aleo t . • en tre tra sf l":'!t r emf di e to t :e .dnf d 

re ~mt t co~mu ted 0011 , ut only a component or it, ·111 not 

etF COS~ • s lon as the b:r u1h a:xie i not s · ft a, 1 other e, r vectors 

111 r in n~hengod . 

C ose exe., 1not1on ot 1 • l ~ e OH 'that he shitting of the rHul ta t 

tleld xis du to a ature reaction te ds to 1~rove comiiuta ion . lo ever, 

ve ow it 1 · nlikel t at t e esultant emt in t he eommuttsted ·oil will 

a z ro. r .e re e y ls still t o ju t t ir ctio nd munber -r t •rns 

in t e int rpole fi d nt11 esttsraotory eo utation i s eo ieved . 

In concl s10 • it h e been s .o veot r dla~ra s and r en by 

XJ>ftri ent t t otor d tr~ned t oyi ret on e no - -pul ati 

011rr nt , 111 not co_ ut ta s Usfee o 11 w e 

ot 

ti g 

e1rre t . 11 1 thte tru if e o o:r str,.,ng er es 

'II! 0 1 t , :ri pl 11f t ,e s ' l i l "' r e 6 1e t e oeoo in t ree-

p l;)S half ... yave r ct , ier . If en etec ron o cti 1 r sic , • th tgnitron 

" 0 ild e d a a· OUTO f d- J :!loto •it speoi l de 1 ~ fMt11 es · S't 

b uead 0 1ve "stisr 
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he t~o greet a\ d1ffioult1 encounte~ d 1n reot1f1e oper tion 

or d-o motors re a d d hes tin and reduced co capaoi t • .otb 

co fl 11 a direct result or th pul atlons in t e rect1f1 r suppl • 

Theoretic ll , it a non•pul tin re titler coul be built, it ould proYe 

fully es i::.tf"eot in d- o otor operation as , e e nch ono converter. 

~o o ieYe sati cto tor pe ion o a r~cti fler su ply, 

either t e reotttier must mo t e;li ible rip le , or 

e .otor 

u~ pl • 

at s~ cially esi;ae to 4 or t of on 

e r.ener 1 ~lact~ic Conpeny 1 our ently ~n ed 1 

ive rectifier 

dri ve sys tel'llS, • s-e rectifier and motor a e es~eoi~lly desi n tor one 

anot er • • otor desi fe tur s st neoe sarily i nclude highly inductive 

wi ndin ·s tor ot a tur d f i elds . 

It is no reeo en~ d t at a replaoe ent o synchronou• oonverters 

be n de y eleetronio re "ifi r , u 1 se -c otor- · h1o re to o er te 

tro t h reetithrs be r ril oed also , or unleuus t replacement rect i tiers 

have 18t lea•t 12 ph se • speeially is t i a true in industries which 

employ e lsr e eroentag or series motor1 . 

It i qui te tru t at in reoti 1er9 wit a lar · number o. pbaaee, t.he 

peroenta ·e o r i pple be~o vsr 111 ut it h • ually rue that auoh 

rect1 i er• er not s r as1ble economically . or exa ple , e 12.• pha8e 

eletttronic reotitiftr must be euppli~~ b a tran to ·er fl'hOs e VA ratin mus t 

be oTer 2•1/2 time• as eat as the. power to be reotit1e~ ,. 



There is a utilization factor defin d in connection 1i th rectifiers 

which t tes that • t he utilization faotor , i th ratio of t a -o 

kilow tts :3Up lie by the rectifier to t h A r atin ot t he transtor er 

r ~ 1 ed to su, ly t• e r~otitier. 0 viously , trom th def1n1t1 n, the 

ideal utiliz tion factor ie one, the poorest is zero . o sho ho the 

uti lizat io fact r varies i'fi t the nu bar 

i ate rel tto hip is given ithout roof~ u 

p as a t e llo in cpprox-

- J 2p '31n "ii * .. ~ -P· l"h&l"8 p 

ls the nUl!lber of hs•ss. Calculation of ut111zet1on factor can be made 

bv sub tituting th ~rop8r nuciber o The foll wing t~hle 

sho•• utilization actors tor most common rectifiers employ d. 

Pha.aea l 3 12 18 

Utiliz tion Factor . 63& . 675 • '6 0 

In view of tbia consideration it would seem that 12 and 18-phaee 

rect11'1ers are not very feasible economically . On the other hand 3 and 

ke the difficul t ies diseus•ed in d-o motor operati~n 

lllOre pronounced. 

The question ari•ea again: Ia the rectifier alway• a completel1 

more to be considered than the adYantages adyertised by rectifier menu-

facturer•. 

*See 8 Applied Eleotron1cs8 IT Statt 
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